1. General procedure for the synthesis of BTA-C10-pyrrole, benzamide-C10-pyrrole and C10-bispyrrole 1-(10-aminodecyl) pyrrole (4) 1,10-Diaminodecane (1.1 eq., 2.46 g, 14.3 mmol) was placed into a 20 ml thick-walled glass tube equipped with a magnetic stir bar and preheated to isotropic state. Tetrahydro-2,5-dimethoxyfuran (1.72 g, 13 mmol) and HCl solution (1M, 14.3 mL) was then added and the mixture was thoroughly mixed. The tube was sealed and inserted into a cavity of a Biotage initiator+ microwave system apparatus. The mixture was heated at 150 °C for 40 min at a pressure of 15 bar. After cooling down to room temperature, the mixture was then transferred to a separating funnel and extracted with CHCl 3 . The organic layer was washed two times with H 2 O and dried over MgSO 4. The solvent was removed in vacuo and purified by column chromatography (silica gel, 8% Methanol in CHCl 3 ) to give compound 4 as a transparent, slightly orange liquid. (0.45 g, 15%) 1 H-NMR (CDCl 3 , 400 MHz): δ = 6.64 (t, 2H, pyrrole-H), 6.13 (t, 2H, pyrrole-H), 3.85 (t, 2H, CH 2 -pyrrole), 3.43 (q, 2H, CH 2 NH 2 ), 1.75 (m, CH 2 CH 2 -pyrrole and br, s, H, N-H), 1.42 (m, CH 2 CH 2 NH), 1.31-1.27 (m, 12H, CH 2 ).
13
C-NMR (CDCl 3 , 100 MHz): 120. 4, 107.7, 49.6, 42.2, 33.7, 31.6, 29.5, 29.4, 29.2, 26.8, 26.7 1-(10-aminodecyl) pyrrole (0.69 g, 3.1 mmol) and triethylamine (0.34 g, 3.4 mmol) were dissolved in dry CHCl 3 (6 mL, stabilized with amylene) in a 50 mL two necked flask and the resulting solution was placed in an ice bath. The resulting solution of benzene -1,3,5-tricarboxylic acid chloride (0.3 eq.,0.27 g, 1.03 mmol) in in dry CHCl 3 (3 mL, stabilized with amylene) was added slowly to the cooled solution.
The reaction mixture was allowed to warm up to room temperature and stirred overnight under inert atmosphere. Subsequently, the crude mixture was transferred to a separation funnel and diluted with 20 mL CHCl 3 . The organic layer was washed with 1M HCl (30 mL) three times and was added to the mixture solution and dried over MgSO 4. .7, 135.2, 127.9, 120.4, 107.7, 49.6, 40.3, 31.5, 29.5, 29.4, 29.2, 29.1, 26.9, 26.7 C-NMR (CDCl 3 , 100 MHz): δ =167. 5, 134.8, 131.3, 128.5, 126.7,120.4, 107.7, 49.6, 40.1, 31.5, 29.7, 29.41, 27.38, 29.2, 29.1, 26.9, 26.7 
Infrared spectroscopy of BTA-C10-pyrrole and benzamide-C10-pyrrole
The IR spectrum of BTA-C10-pyrrole, has bands at 3236 cm -1 (N 
Current-voltage measurements of BTA-C10-pyrrole in different devices
Current voltage measurements on BTA-C10-pyrrole thin films were performed between three electrode combinations: Al-Al, Al-ITO, and ITO-ITO. All electrode combinations showed the same behavior, with dipolar switching at high frequencies, and an additional process giving rise to a high apparent polarization at low frequencies. Thus, the ferroelectric switching and electrochemistry behavior is independent of electrode material. Figure 
Al-Al device

Current-voltage measurements of benzamide-C10-pyrrole and C10-bispyrrole between ITO electrodes and BTA-C10-alkyl between Al electrodes
Benzamide-c10-pyrrole
Benzamide-C10-pyrrole showed an electrochemical process at low frequencies, but no ferroelectric switching behavior at high frequencies. 
C10-bispyrrole
No ferroelectric switching and electrochemistry process was observed in C10-bispyrrole. 
BTA-C10-alkyl
In BTA-C10-alkyl, ferroelectric switching was observed at all frequencies with a remnant polarization of 35 mC/m 2 . The coercive field increased with increasing frequency. No electrochemical process was observed in this material. 
Evolution of hydrogen in device with BTA-C10-pyrrole between Al-ITO electrodes
After continuously applying bias (80 °C, 53 V/µm triangular wave voltage, 10 mHz) to BTA-C10-pyrrole in Al-ITO device for 2 hours and the Al side was afterwards washed by aqueous HCl. Under POM, a dark texture was observed in the region where bias had been applied, indicating that the sample was homeotropically aligned. Many holes were observed when the cross polarizer was removed indicating hydrogen gas formation. 
Calculation of polypyrrole layer thickness
Under bias cycling at low frequencies, the current responses to the last three block waves and the first triangular wave are corresponding to both ferroelectric switching and electrochemical process. In order to calculate the total amount of protons formed during bias cycling (10 mHz, 53 V/µm, 21 hours), current from ferroelectric polarization must be corrected for. From the current-voltage study, ferroelectric switching is observed at high frequencies, while at low frequencies a combination of ferroelectric switching and electrochemical process contributes to the high apparent polarization.
The current responses at 10 mHz and 2 Hz were continuously measured during cycling. By subtraction of the ferroelectric polarization from the high apparent polarization, polarization corresponding to the electrochemical process alone was obtained. From this value, the total number of oxidized pyrrole units per unit area was obtained. When divided by the charge produced per BTA molecular area, the number of oxidized/polymerized columnar layers was obtained. 
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In a full cycle, the charge density corresponding to both electrochemical process and ferroelectric switching at 10 mHz is set as , every unit cell has 3 pyrroles that can lose 6 protons in total.
The charge density per monolayer is = On each of the two electrodes, 50 layers of pyrrole BTA molecules are oxidized, with the thickness of the layer corresponding to 0.35 nm, the inter discotic distance of the columnar phase.
After 21 hours, the thickness of polymerized material on each electrode is estimated to be approximately 50 × 0.35 = 17
However, due to the formation of hydrogen bubbles at the electrode interfaces that reduce the electrochemically active contact area, the local thickness of the polypyrrole layers may be significantly more than 17 nm.
